Introduction
Osteoarthritis (OA) is the most common form of arthritis worldwide [1] . Its symptoms are characterized by pain and reduced functional capacity, which make this disease the eleventh larger cause of years lived with disability [2] .
The knee is the joint most commonly affected by OA, and it is responsible for significant morbidity and quality of life worsening [3] . About 6% of 30-year-old adults or older have knee OA [4] and the prevalence of this disease increases by age. Estimated risk for its development is about 50% in individuals from the age of 85 years old [5] .
OA treatment is based on pharmacological and non-pharmacological provisions [6] . Among medications used for fast pain relief, there are the analgesics, non-steroidal anti-inflammatory drugs and opioids. However, those medications do not often provide appropriate symptom improvement, and besides, they are associated to side effects, especially those gastrointestinal and cardiovascular ones [7] . Another therapeutic class used to manage OA is that of symptomatic slow-acting drugs, among which there are glucosamine sulfate and chondroitin sulfate. Nevertheless, the recommendations of use for such agents differ between international scientific organizations [8] .
The variability in the quality of formulations [9, 10] and heterogeneity in the design and results of clinical trials with glucosamine sulfate and chondroitin sulfate are pointed out as factors for not recommending the use of those drugs in the current guidelines for OA treatment by the American College of Rheumatology (ACR) and Osteoarthritis Research Society International (OARSI) [11] [12] [13] . Differently, in Europe, the European Medicines Agency (EMA) approved the use of original glucosamine sulfate and chondroitin sulfate formulations, which follow the pharmaceutical quality standards, and the prescription is recommended as first line treatment for knee OA by Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) [14] algorithm. In Brazil, the general agreement for OA treatment by Sociedade Brasileira de Reumatologia states the use of glucosamine sulfate as a possibility for symptomatic OA treatment.
The objective of the present study was to evaluate efficacy and safety of combined glucosamine sulfate and chondroitin sulfate capsules (Eurofarma Laboratórios S.A.), for the treatment of knee OA, showing its non-inferiority for pain relief, versus combined glucosamine hydrochloride and chondroitin sulfate capsules (Cosamin DS®, Nutramax Laboratories), whose efficacy has been demonstrated in previous clinical trials [15] .
Subjects and methods

Study design
Phase III, multicenter, randomized, double-blind, non-inferiority comparator, parallel group, active-controlled trial.
The trial was conducted from August, 2010 to March, 2011 in 4 Brazilian sites.
During the screening period, routine laboratory tests, knees X-ray, physical examination were performed, data was collected from clinical history and medications in use. Medications used for OA were discontinued and only paracetamol 750 mg was allowed up to 4 times a day, in case of pain.
Subjects were randomized to one of the two study groups: fixed dose combined glucosamine sulfate 500 mg and chondroitin sulfate 400 mg (Eurofarma Laboratórios S.A.) or combination group of glucosamine hydrochloride 500 mg and chondroitin sulfate 400 mg (Cosamin DS®, Nutramax Laboratories). In both groups, the medication was supplied as capsules, with the daily dose of 3 capsules.
Clinical visits were scheduled at 30 days (visit 2 -V2), 60 days (visit 3 -V3), 90 days (visit 4 -V4) and 120 days (visit 5 -end-of-treatment visit) from the randomization visit (visit 1 -V1). Both treatments were administered throughout the trial, resulting in a maximum of 126 treatment days.
That trial was approved by the Research Ethics Committee from each participating study site. All procedures were performed in conformity with the Helsinki Statement and with resolutions no. 196, dated 10/10/1996 and no. 251, dated 08/07/1997, by Conselho Nacional da Saúde, following the Good Clinical Practices standards.
Subjects
Subjects over 40 years old, with a diagnosis of knee OA grades 1 to 3 as per Kellgren-Lawrence radiographic classification, clinical diagnosis of pain and functional limitation and score ≥ 4 cm in symptoms visual analog scale (VAS) (from 0 to 10 cm) were enrolled. All subjects signed the informed consent form for the study. Exclusion criteria were: significant clinical history of joint trauma or surgery to be evaluated; presence of rheumatic disease responsible for secondary OA; severe joint swelling on physical examination; body mass index (BMI) > 30 kg/m 2 ; severe comorbidities likely to compromise the participation in the trial; use of systemic or intra-articular corticosteroids within the last 3 months; previous use of glucosamine and/or chondroitin; score > 12 in Lequesne algofunctional index; joint arthroplasty to be evaluated; use of narcotic analgesic; pregnant, breastfeeding women or women with inappropriate use of contraceptives; any condition that, in the investigator's opinion, makes the subject unfit for the trial.
Treatment and randomization
The subjects eligible for the study were randomized at a 1:1 ratio for GS/CS test medication or Cosamin DS® comparator medication, at V1. The randomization process was performed independently, by means of a specific software, and a randomization list with four blocks was generated. This list was handed in an opaque, sealed envelope to the professional authorized to send the encoded medications to the research sites. That professional did not perform any other study procedure. Identical packaging was used to wrap the medication, with the purpose of blinding the treatment groups.
Efficacy and safety evaluations
The following efficacy evaluations were performed:
○ Evaluation of analgesic efficacy by the investigator, performed at the end-of-treatment visit (V5), by means of a binary variant ("efficient" or "inefficient"). Secondary endpoints: ○ Overall efficacy evaluation, by means of a binary variant ("efficient" or "inefficient"); ○ Reduced pain intensity at V5 vs. V1, measured by visual analog scale (VAS) from 0 to 10 cm, reported by the subject; ○ Presence of joint pain by means of a binary variant ("pain" or "no pain"); ○ Evaluation of joint pain by means of a four-point variant, with the following classifications: 1) no pain; 2) subject reports pain; 3) subject reports pain and changes facial expression; and 4) subject reports pain, changes facial expression and makes a move to cut the limb; ○ Presence of joint swelling by means of a binary variant ("present" or "absent"); ○ Pain intensity measured by VAS (0 to 10 cm) by the subject; ○ Clinical efficacy as evaluated by the investigator at V5, based on pain VAS outcomes reported by the subject, with the following categories: 1) excellent; 2) very good; 3) good; 4) average; and 5) poor; ○ Overall clinical efficacy as evaluated by the investigator at V5, based on pain parameters, rescue medication intake, clinical evaluation and responses by subjects in pain VAS, with the following categories: 1) excellent; 2) very good; 3) good; 4) average; and 5) poor; ○ Use of rescue medication by means of a binary variant ("used" or "didn't use"); ○ Amount of rescue medication used (number of tablets taken).
Safety evaluations had as endpoints:
Incidence of severe and non-severe adverse events, considered as potentially related to the study medication (possibly, likely or definitely related);
Tolerability to study medication, with the following categories: ○ Excellent: subjects having no adverse events; ○ Very good: subjects having 1 to 2 mild adverse events; ○ Good: subjects having 1 moderate adverse event or 1 moderate adverse event and 1 mild one, or 1 moderate and 2 mild ones; ○ Average: subjects having 1 moderate adverse event and 3 or more mild ones, or 2 moderate adverse events and 3 or more mild ones; ○ Poor: subjects having 1 or more severe adverse event.
Statistical analysis
To calculate the sample size in outlining of non-inferiority proposed, it was considered that the test product primary endpoint, analgesic efficacy, would be at least not inferior to the comparator product. The non-inferiority margin considered was 10% with a type I (α), 0.05 error and a type II (β) 0.10 error, and it was estimated that 100 evaluable subjects would be required [16, 17] .
The populations analyzed for efficacy endpoints consisted of intention-to-treat (ITT) population, composed of all randomized subjects having an efficacy outcome at V5, and of per protocol (PP) population, composed of subjects from the ITT population attending all the visits provided in the protocol, and who had a minimum adherence of 75% to the study treatment. The safety population was composed of all subjects receiving at least one study treatment dose.
Primary efficacy analysis consisted of evaluation of the non-inferiority of the analgesic efficacy by the investigator, for GS/CS group, vs. Cosamin DS® group, and was performed in the per protocol (PP) population. That evaluation was also performed in the intention-to-treat (ITT) population, as a secondary analysis.
Concerning secondary analysis, a non-inferiority evaluation was also performed for reduced pain intensity, between V5 and V1. The other efficacy variants were analyzed by using the methodologies listed below.
An exploratory analysis was performed to investigate the relation between pain intensity decrease and efficacy evaluation by the investigator (based on pain VAS reported by subjects). It was performed with the purpose of studying how appropriate it would be to consider the treatments evaluated in categories "excellent", "very good", "good" and "average" as "efficient treatments".
The safety evaluation was performed by investigating the incidence of adverse events and tolerability to treatments.
Non-inferiority analyses used the two one-sided test (TOS) procedure, which builds 90% confidence intervals for the difference between treatments, in order to verify the test treatment non-inferiority vs. the reference treatment, with a 5% significance level. Tests based on normal asymptotic distribution for the ratio difference and on Student t distribution for the difference between means were used to calculate the associated descriptive level. For qualitative variants, tables with counting and percentage were made, 95% confidence intervals were calculated for the ratios and q-square tests and Fisher Exact test to test the associations between variants.
For quantitative variants, tables with summary measures were built, 95% confidence intervals were calculated for the means, Student t, Mann-Whitney tests and ANOVA and multiple Bonferroni comparisons were performed, to compare means.
Binomial test was used to study the subject condition evolution for qualitative variants.
Results
Demographic and baseline clinical characteristics
One hundred subjects were recruited for the trial. All of them met the eligibility criteria, and 50 subjects were assigned to test GS/CS group and 50 subjects to Cosamin DS® group. Eleven subjects discontinued the study prematurely, 5 from GS/CS group and 6 from Cosamin DS® group. Thus, 89 subjects were studied in the ITT population. Reasons and visits when study discontinuations occurred are described on Fig. 1 . From the 89 randomized subjects, 3 subjects in the Cosamin DS® group did not have minimum 75% adherence for the study total, and were excluded from PP population. Thus, the PP population consisted of 86 subjects (45 in the GS/CS group and 41 in the Cosamin DS® group).
Baseline characteristics of the population studied are shown on Table 1 . Most subjects in the ITT population Fig. 1 Trial subjects flowchart. ITT intention to treat, PP per protocol, V visit were females, mean age of 64 years old, white and with a mean BMI of 26.5 kg/m 2 , indicating overweight. About 27% of subjects reported OA family history. Kellgren and Lawrence radiographic classification grade II predominated. Mean Lequesne index was 8.5 and the mean pain intensity was 6.5 cm as per VAS. No significant differences were observed for clinical and demographic variants in the groups studied.
Mean adherence to the treatment was 93.7% in the GS/CS group and 93.1% on the Cosamin DS® group, and there was no statistically significant difference between both groups (p = 0.767).
Efficacy results
Primary efficacy analysis
The analgesic efficacy evaluated by the investigator in the GS/CS group was 88.9, 95%CI: 75.2-95.8% and in the Cosamin DS® group was 85.4%; 95%CI: 70.1, 93.4% in the PP population. In the non-inferiority analysis, it was observed that the GS/CS group had a non-inferior result to that of the Cosamin DS® group, as shown on Fig. 2 . Based on that analysis, efficacy in GS/CS group was 3.52% higher than that of the Cosamin DS® group (90%CI: -8.39 to 15.43%, p = 0.031), and even disregarding the sampling error, that efficacy would be, in the worst case scenario, 8.39% lower to the efficacy in the Cosamin DS® group, therefore, within the 10% non-inferiority margin that was set during the sample size calculations. Tables 2 and 3 show the results for secondary efficacy endpoints. For all variants analyzed, no statistically significant differences were observed between the groups studied, both in the PP and in the ITT populations, after the 4 months of treatment.
Secondary efficacy analyses
Both groups had pain improvement. The rate of "no pain" subjects at the end-of-treatment visit was 66.7% (95% CI: 50.9 to 79.6%) in the GS/CS group and 52.3% (95% CI: 36.9 to 67.3%) in the Cosamin DS® group, and the improvement was observed when compared to V1, statistically significant for both groups (ITT, p < 0.001).
Mean reduced pain intensity as per VAS in the GS/CS group was 4.27 cm (95% CI: 3.44 to 5.12) and in the Cosamin DS® group was 3.58 cm (95% CI: 2.82 to 4.34), in the ITT population. Both decreases were statistically significant (p < 0.001). GS/CS group was non-inferior to Cosamin DS® group, with a mean difference of 0.692 cm in favor of the GS/CS group, with the non-inferiority margin magnitude used in that comparison of 0.358 cm (90% CI: -0.259; 1.642; p = 0.035). Figure 3 shows pain intensity evaluation by VAS at each study visit.
The evaluation of "treatment efficacy by the investigator", based on subject pain VAS was considered "excellent" and "very good" to about half the groups (57.9% GS/ CS and 52.3% Cosamin DS®). Results from variants "analgesic efficiency as per evaluated by the investigator" in the ITT population, "overall efficacy clinical evaluation by the investigator" with 5 categories, and its binary variant, "overall efficacy as evaluated by the investigator", also showed that the medication efficacy was observed by the investigator in both treatment groups.
The results of other secondary efficacy variants, including evaluations for swelling, joint pain evaluation with 4 categories, pain intensity as per VAS, use of rescue medication and amount of rescue medication intake, were also not statistically different from each other between the groups.
Exploratory analysis, evaluating the relation between pain intensity decrease and efficacy analysis by the investigator (based on subject pain VAS) showed that the "group" factor was not statistically significant for the relation (p = 0.504), and the "efficacy as evaluated by the investigator" factor (based on subject pain VAS) was statistically significant (p < 0.001). It was observed that the mean pain intensity decrease for subjects whose efficacy as evaluated by the investigator was classified as "ineffective" was statistically different from the means of groups of subjects to whom the treatment efficacy was considered "excellent", "very good", "good" and "average".
Safety
At least one adverse event was reported in 50 subjects, with 27 subjects (54.0%; 95% CI: 39.5 to 67.9%) in the GS/CS group and 23 subjects (46.0%; 95% CI: 32.1 to 60.5%) in the Cosamin DS® group. There was no statistically significant difference between groups (p = 0.549).
The most commonly reported adverse events were flu and hyperglycemia, to which no relation with the treatment group was observed (p = 0.436 and p = 0.674, respectively). Only one subject, in the GS/CS group, discontinued the study due to an adverse event (nausea). Thirteen subjects reported adverse events potentially related to the study treatment, with 8 (16%; 95% CI: 7.6 to 29.7%) subjects in the GS/CS group and 5 (10%; 95% CI: 3.7 to 22.6%) subjects in the Cosamin DS® group, not statistically different from each other (p = 0.552). The most commonly reported adverse reactions corresponded to upper gastrointestinal tract (dyspepsia, epigastralgy, nausea and heartburn) and changes in glucose counts.
Four severe adverse events were reported, three from the Cosamin DS® group (fibromyalgia, left forearm fracture and right humerus fracture) and one in the GS/CS group (acute myocardium infarction). None was considered potentially related to the study treatment and the subjects were not discontinued from the study. No deaths were reported in the course of the study.
Tolerability evaluation
Tolerability to the study treatments was evaluated as excellent or very good in 42 subjects (85.7%) in the GS/CS group and in 41 subjects (85.4%) in the Cosamin DS® group. The evaluation was not performed to one subject in the GS/CS group and for 2 subjects in the Cosamin DS® group. No statistically significant difference was observed between the groups studied (p = 0.967).
Discussion
This study showed the non-inferiority of the new fixed-dose combined formulation of GS/CS capsules, versus the combination already approved for use in the United States and Europe of glucosamine hydrochloride and chondroitin sulfate (Cosamin DS®) for OA pain relief. The design used in this trial allowed to evaluate, in a comprehensive way, the new formulation efficacy, as both the investigator's point of view and the subject's were taken into account, within a randomized and double-blind scenario. Additionally, different tools were used to evaluate the trial endpoints, including, in addition to analgesic efficiency, overall efficacy evaluation, pain intensity evaluation and pain and joint swelling evaluation with physical examination. The choice of the comparator, Cosamin DS®, was based on the registration of that product by EMA and by Food and Drug Administration (FDA) for marketing in Europe and the United States, as at the time this trial was conducted, other products combined glucosamine and chondroitin were having their processes of registration adapted at Brazilian Health Regulatory Agency (ANVISA).
Efficacy results from clinical trials with combined glucosamine and chondroitin are conflicting in the literature. A systematic review with network meta-analysis did not find a clinically significant effect on pain improvement, with the use of that combination. On the other hand, a single trial directly comparing the combination vs. placebo was included in that analysis [18] . Another, more recent, network meta-analysis, showed that combined glucosamine and chondroitin have significant effects on pain relief and on functional improvement, when compared to placebo, and is also better than celecoxib in functional improvement [19] . The improvement of OA symptoms observed in the present trial verifies the efficacy of combined glucosamine and chondroitin.
Treatment efficacy evaluation by investigators considered as efficient for most subjects in this trial is supported by long-term results observed in randomized and real-life trials. In a randomized, double-blind, 6-month trial, in which combined chondroitin sulfate and glucosamine hydrochloride were compared to celecoxib in subjects with knee OA, with severe intensity pain, no differences were observed between the groups for pain improvement, joint stiffness, functional capacity and joint swelling evaluation, and the combined therapy was not inferior to the treatment with celocoxib [20] . In a long-term follow-up trial with subjects that had previously taken part in randomized and controlled trials, the treatment for at least 12 months with glucosamine sulfate delayed, significantly, the need for a knee arthroplasty for at least 5 years after treatment interruption [21] . Additionally, a reduction in the use of other medications for OA was shown, as well as in the number of medical appointment and tests related to that disease, on a long-term basis, with the use of that medication [19] .
Safety profile and good tolerability to the treatment with combined glucosamine sulfate and chondroitin sulfate observed in this trial are consistent with literature data. In a meta-analysis comparing glucosamine and chondroitin safety, both as monotherapy or combined therapy to celecoxib and to placebo, it was observed that only celocoxib use was associated to a higher incidence of gastrointestinal adverse events, when compared to placebo [19] .
The limitations to that study include the absence of a placebo group. As that study was conducted for the registry of the formulation studied, a design including a non-inferiority evaluation related to a medication with proven efficacy and approved for use by regulatory agencies was required. Another limitation is the small number of subjects enrolled in each arm of the trial, which was, however, based on literature [16, 17] . Additionally, no specific evaluations on physical function and subjects' quality of life were performed, as the trial focused on pain evaluation and overall treatment efficacy evaluation. The use of different formulations between the groups, glucosamine sulfate and glucosamine hydrochloride, may be pointed as another limitation for the trial, but once the formulas are dissociated in the stomach, glucosamine pharmacological effects seem not to difer [22] .
Conclusions
The present study provides conclusive evidence that the new formulation of fixed dose combination of glucosamine sulfate and chondroitin sulfate capsules is efficient for the treatment of knee OA. Moreover, favorable safety profile and good tolerability make that formulation an option for OA treatment.
Funding Eurofarma funded this study and participated in the study design; study research; collection, analysis and interpretation of data; and writing, review, and approval of this article. All authors had access to the data and participated in the development, review, and approval of this article and in the decision to submit it for publication.
Availability of data and materials
The data that supports the findings of this study are available on request from the corresponding author [A.B.V.L.]. The data are not publicly available due to the privacy of data from research participants.
Authors´contributions ABVL, JAM, GCB and MLC participated in the recruitment of subjects and in the conduction of the study. All authors read and approved the final manuscript.
Ethics approval and consent to participate The study was conducted following international and local ethical standards and regulations, and was approved by the Independent Ethics Committee from each participating institution before its beginning, with the following sites and their 
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
Author details
